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(57) Abstraet 

This invention provides a method for the ef6cient introductioD of cloned, very high molecular weight DNA into the germline of mice, 
whereby large genes can be expressed af^nopriately in transgenic mice. The /9-amyloid precursor protein (APP) is known to be a complex 
gene consisting of 18 exons with total size estimates greater dian 170 Vh encoding diree major RNA splicing forms. According to this 
invention, a neomycin resistance cassette is introduced into one of the aims of a 650 kb yeast artificial chromosome (YAC) which contains 
the entire unrearranged APP gene within 400 kb. Following gel purification, the YAC is introduced into embryonic stem (ES) cells by lipid 
mediated Iransfecdon. Necsnycin resistant ES lines are isolated with the human APP gene stably integrated in an unrearranged state and 
expressing properly initiated and spliced full length human APP mRNA aiKl APP human protein. Mouse chimeras generated from these 
ES lines transmit the YAC to their offspring, generating novel APP YAC transgenic mice. These transgenic mice eiaptess human APP 
gene products at significant levels m brain and peripheral tissues that tssamt the expression of endogenous mouse APP gene products. This 
procedure will have great utility for transgenic studies of goie expression involving large genes and gene complexes. 
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TEE INTRODUCTION AND EXPRESSION OF 
LARGE GENOMIC SEQUENCES IN TRANSGENIC ANIMALS 

TTie work leading to this invention was suppoited in part by Gram No. 
HD 24605 from tiie National Instimtes of Health. The U.S. Govenmient retains 
certain rights in this invention. 
BACKGROUNn OF T gE INVENTTni^ 
Field of the Tnvyp^^ftn 

The presem invention concerns the inttoductioo of large genomic sequences 
into the mammalian germline and their agression. The present invention also 
concerns transgenic mice having increased amyhndprecorsor protein gene dosage 
that mimics the trisomic condition that prevails in Down's Syndrome, generating 
an animal model of /9-amylddosisprevalem individuals with Alzheimer's Disease 
and Down's Syndrome. 
Review ofRrifl^^^l^ 

A principal pathological hallmark of aged individuals and patients with 
Alzheimer's Disease (AD) or Down's Syndrome (DS) are deposits of the ^- 
amyloid protdn (A/9) in the parendqnma of amygdab h^^pocanoims, and neocortex. 
A^, a small peptide of between 39 and 42 amino adds, is derived ftom the 
amyloid precursor protein (AFP), an integral membrane glycoprotein encoded by 
a large gene located on chromosome 21 (Goldgaber et aL, 1987, Sdence, 
225:877-880; Kang, et aL, 1987, Nature (London), 225:476-478; Tana, et al., 
1987, Science, 225:1120-1126). Alternative splicing of APP pre-mRNAs gives 
rise to at least four transcrqrts that encode A^-containing proteins of 695, 714, 
751, and 770 amino acids (Kang, et al., 1987; Fonte, et al., 1988, Nature 
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(London), 211:525-532; Golde. et al.. 1990, Neuron. 4:253-267). APP-751 and - 
770 contain a domain that shares homology with the Kunilz class of serine protease 
inhibitors (KPI domain) (Kitaguchi, et al., 1988, Nature (London), 221:530-532; 
Pome, et al. , 1988). is comprised of 1 1-15 amino acids of the transmembrane 
domain, and 28 amino acids of the extraceUukr domain of AEP (Glenner and 
Wong, 1984, Biochem. Biophys. Res. Comnwru, 12Q:885-890; Masters, et al., 
1985a. EMBO J., 4:2757-2763; Masters, et al., 1985b, Pmc. Natl Acad Sci. 
USA, ^:4245-4249). In vitro, APPs mature through a constitutive secretory 
pathway (Weidemann, etal., 1989, CeU, 52:115-126). APPs bound to the plasma 
membrane are substrates for endc^roteolytic cleavage (Sisodia, 1992, Pnc. Natl. 
Acad. Sci. , USA, £2:6075-6079) within the Afi region resulting in secretion of the 
ectodomain (Esch, et al., 1990, Science, 248:1122-1124; Sisodia, et al., 1990, 
Science. 248:492-495; Anderson, et al., 1991, NeuroseL Lett., 128:126-128; 
Wang, et al., 1991, /. Biol Chem., 266:16960-16964); APP can also be 
reintemalized and processed by endosomal/lysosomal pathways (Cole, et aL , 1989, 
Newochm Res., 14:933-939; Golde, et aL, 1992, Sdenee, 255:728-730; Haass, 
et al.. 1992a, Nature (London), 252:500-503). Recent studies have documented 
the presence of Ai9-related peptides in the media of cultured cells and in human 
cerebrospinal fluid (Haass, et aL , 1992b, Nature (London), 252:322-325; Seubcn. 
et al., 1992, Nature (London), 252:325-327; Shoji. et al., 1992, Science, 258:126- 
129). 

Postulated mechanisms involved in the gmeration of A^ and events 
responsible for the formation of amyloid in vivo are not yet well defined (Selkoe. 
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1991, Neuron, 5:487^*98; Price, et al., 1992, Am. J. Pathol, miSl-m-, 
Sisodia and Price, 1992, Curr. Opin. Newvbiol, 2:648-652), but include: 
oveiexpiBssion of APP (as occurs in trisomy 21), alterations in the efficiency of 
secretory versus endocytic maturation of APP, or changes in the stoichiometiy of 
APP695 versus 751/770 expression in affected cells. The demonstration that a 
number of mutations in the APP gene are tightly linked to the presence of 
disease/amyloid deposition in some cases of fiunilial AD (FAD) (ChaItie^Hazlin, 
et al., 1991, Atoare (London), 352:844-846; (Soate, et al., 1991, Ndtun (London), 
342:704-706; MurreU. et al., 1991, Science, 251:97-99; Nanise, et aL, 1991. 
Lancei, 222:978-979; Mullan, et al. 1992, Nature Genetics, 1:345-347) and in 
patients with hereditary cevehral hemonhage with amyloidosis, Dutch type 
(HCHWA-D) (Levy, et aL, 1990, Science, 248:1124-1126; Van Bioeckhoven, et 
al.. 1990. Science, 248:1120-1126; Hendriks, et al., 1992, Nature Genetics, 
1:218-221) provittes compelling evidoce for the involvemeot of APP in the 
etiology of diseases in these individnals. Cells transfected with APP genes 
containing a double mutation present in a Swedish fomly with AD secrete high 
levels of A3-containing peptides into the culteie media, suggesting that this 
mutation may alter the processing of AHP in vivo. 

Aldwugb transgenic strategies have been used to test some of the 
hypothetical mechanisms of amyloidogenesis, these efforts have fidled to produce 
mice that recapitulate the principle features of AD (Sisodia and Price, 1992). 
Because in situ hybridization studies suggested that levels of APP-751 mRNA were 
elevated in hippocampal neurons of individuals with AD (Johnson, et aL, 1990. 
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Science, 248:854-857); Quon, et al., 1991, Namre (London), 252:239-241) 
generated transgenic mice that expressed APP-751 under the transciqitionai control 
of a neuron-specific enolase promoter. The absolute levels of transgene-deprived 
products was not fiiUy documented and the transgenic animals exhibited poorly 
resolved extraceUularA^ deposits in hq)pocampus and cortex. Itensgenic animals 
harboring a construa encoding the peptide under the transcriptional control of 
2.8 kb (kilo base pairs) of the human APP promoter aiipeaied to show small 
clusters of A/3 reactivity in the hippocampus of mice (Wixak, et al., 1991b, 
Science, 252:1-2), but subsequent studies showed that the patterns of 
immunoreactivity were nonspecific (Jucker, et al. , 1992, Science, 255: 1443-1445), 
and the paper was retracted. Two groups introduced transgenes encoding the 
carboxy-teiminal 100 {CT-VXS) amino adds of human APP (Kawabata, et al., 
1991, Nature, 254:476-478; Kammesheidt, et al., 1992, Pnc. Nad. Acad. Sci, 
USA, ffl: 10857-10861). When the human TTiy-l promoter was used to drive 
transgene expression, CT-100 mRNA was detected (ECawabala, et aL, 1991), but 

intetpretation of the brain pathotogy was flawed and the paper was subsequendy 
retracted. Mice with CT-100 drive by a brain dystrophin promoter had virtually 

undetectable transgene produa and the cellular alterations did not rqmxiuce the 
features of AD (Kammesheidt, et al., 1992). 

The transgenic animals containing fragments of the APP genomic region 
do not reproduce the features of AD orDS , and thus, the need remains for a good 
model of AD and DS. The art has not been able to provide a transgenic animal 
containing the entire human genomic region associated with APP inchiding control 
regions and introns. 
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To introduce laige genomic regions into mice, investigators have previously 
used several tedmologies involving pronuclearmicioinjection of: miendissected 
chromosomes (Ricba and Lo, 1989. Science, 245:175-177). overlapping genomic 
fragments of the human seium albumin gene that were subsequently recombined 
in vivo (Pieper, et aL. 1992, NucL Add. Jto., 2Q: 1259-1264), a 70 kb globin 
transgene generated by the Ugationof two 35 kb cosmids, and a 35 kb 

yeast artificial chromosome (YAC) containing the tyrosinase gene (Schedl, et al. , 
1992. iVi«:/.^ddie«., 20:3073-3077). To transfer YACs into mammalian tissue 
culture cells, previous investigators have utilized a variety of techniques, including 
spheroplast fusion (Pachnis, et al.. 1990, . Proc. NatL Acad. Sci. USA, £2:5109- 
5113; Pavan, et aL, 1990. MoL Cett. Biol, 1Q:4163-4169; Hudey, et al., 1991, 
Genomics, 2:742-750). lipofection (Gnirke. et al., 1991, EMBO, iQ:1629-1634), 
calcium phosphate transfection (Eliceiri, et aL, 1991, Proc. NaO. Acad. Sd. USA, 
58:2179-2183), and electroporation (Femandex-Luna, et al., 1991, Genomics, 
Jfl:756-764). Unfortunately, however, substantial portions of tiie yeast genome 
was also transferred (Pavan, et al., 1990, Gnirke, et aL, 1991, and Huxley, et aL, 
1991). These methods may be adequate for introduction of YACs into somatic 
cells, but transfer of tiie yeast genome wouM be undesiraWe for propagation 
tiuDugh tiie mammalian germline. Strauss and Jaenisch (1992), EMBO J. , 11:417- 
422 . have gel-purified an 150 kb YAC containing tiie 24 kb Jlktr. spntus Cottal 
gene and introduced it into mouse fibroblasts by l^ection. However, tiiey did 
not introduce flieir YAC into ES cells or into transgenic mice. 
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Thus, the need remains for a method of producing transgenic animals 
containing iaige, contiguous segments of the human genome. In particular, a need 
remains for a transgenic animal containing the entirB human genomic region 
associated with APP, and capable of «q>rBssing that gene. 
SUMMARY OF TTTF INVENTION 

It is an object of this invention to provide a method for introduction of 
large, contiguous segments of forrign DNA into mamm»K,« cells and into 
transgenic mammals. 

It is another objea of this invoition to provide a tnuQgoiic mammal which 
expresses the human amyloid precursor protein. 

This invention provides, in one embodiment, a method for piodudng a 
transgenic animal cootainiiig a contiguous foreign DNA segment of at least about 
70,000 base pairs (70 kb), comprising: 

(a) integiating,inloayeastartifidaichromosoniecontainingsaid 
contiguous foreign DNA segment, a selectable resistance cassette containing a first 
selectable maricer which is expressed in yeast and a second selectable maricer 
which is expressed in mammaiiati cdh;. 

(b) separating the resultant yeast artificial chromosome 
containiqg both a contiguous foreign DNA segment and a selectable resistance 
cassette fmm other yeast genomic DNA; 

(c) introducing the purified yeast artificial chromosome into 
embiyonic stem cells; 

(d) selecting a clone of embiyonic stem cells containing the yeast 
artifidal chnnnosome; 
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(e) injecting embryonic stem cells of the clone into blastocysts 
of the same species; and 

(f) generating chimeric animals from the injected blastocysts. 
In another embodiment, this invention provides a transgenic mouse 

containing at least about 400 kb of human genomic DNA, where the DNA 
comprises the human genomic region encoding the amyloid precursor protem 
(APP) promoter, with all 18 exons and the intervening jmpiences of the APP 
sequence. 

Earlier studies had estimated the human AFP gene to be 170 kb (Yoshikai, 
et al. , 1990, Gene, 52:257-263) and it is unlikely that such a large DNA fragment 
wUl withstand the manipulations of standard pronuciear microinjection 
technologies. Tlierefore, a novel technology suitable for introduction of large 

DNA fragments into the mouse germline has been devised by the inveniDrs. A 
yeast artificial chromosome (YAC) harboring the entire nmeammged 400 kb gene 
encoding human APP was introduced into embryonic stem (ES) cells and these 
cells were used to generate mice harboring exogenous human APP sequences in 
the mouse germline. In accordance with the presem invention, the entire genomic 
region encoding buman APP was introduced into die mouse germline. The APP 
genomic sequences contain transcripdonal regulatory elements required for proper 
spadal and tonpoial expression, and appropriate splice donor and acceptor sites 
used to generate die entire spectrum of alternatively spliced APP transcripts. 

This invention provides a model systm which allows a direct test of the 
effixts of APP dosage imbalance, mimicking die trisomic condition for APP 
occurring in individuals with DS. Using die mediod of diis invention, die YAC 
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containing the human APP gene was stably integrated into mouse chromosomes, 
and the constitutive expression of alternatively spliced APP mRNA and encoded 
polypeptides was demonstiated in both ES cells and mice. Human APP is 
expressed in the transgenic mice at high levels relative to endogoious mouse APP 
both in brain and peripheral tiswes. 

These studies provide the iust example of the introductioa and expression 
of a DNA fiagmatt larger the -70 kb into die mouse germline (Sttouboulis, et 
al., 1992, Genes Dev. 1857-1864). The technique provided herein has broad 
applicability in mammalian genetics. For oample, transgenic frfmai. prq^ied 
according to the method of this invention may be used for the examination of the 
developmental expression of contiguous genes, Le., homeobnc sequences and 
globin sequences, or the examination of cis-aeting dements diat act at great 
distances from the native promoter. Peimutations of diis appxouA will be 
invahiable in producing ammal models of genedc disorders, indnding AD and DS . 
BRIEF DESCRTPTfON OP TWF. nPAWn^ffff 

Figure 1 shows pulsed-fidd gel analysis of APP YACs. Yeast 
chromosome-size DNA molecules firom yeast strain AB1380 (lane 1) and from nine 
different ABI380 yeast transformants that contain YACs with APP sequences 
(lanes 2-10) were separated across a 1% agarose gel by polsed-fidd gel 
electrophoresis (PFG^. Shown on the right are qqmudmate mniawiiy weights 
in kilbases of the various AFP YACs displayed in Table L 

Figure 2 A-C shows rqnesentative restriction analysis of the APP YACs, 
where yeast chromosome-size DNA from 8 of the 9 yeast transformants that 
contain YACs with APP sequences, digested with dther Hindm (lanes 1-8) or 
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EcoRI (lanes 11-18). were fractionated on 1 % agarose gels for Southern analysis. 
Controls include a yeast transfonnant with a SODI containing YAC (SOD-8, lanes 
9 and 19). and human DNA (lanes 10 and 20). The Southern blots shown are 
probed with; (A) DNA fragment containing an upstream portion of the human 
promoter (343 bp BcoM/HphI fragment of pAm.2307; ^nak, et aL, 1991a, 
EMBO. J. , 1^^:289-296; (B) DNA fiagment containing human AFP exon 7 (~ 180 
bp EcoRI/Hindm fragment of pID; (Q DNA fragment containing 1/2 of exon 16, 
exon 17, and exon 18 ftom a mouse APP cDNA (1 kb EcoSI fiagmeot). Hie 
presence of multiple bands in A coneqwnds to a smaU contamination of the 
promoter probe with a human Alu element. 4X174 Haein-digested DNA maiken 
are shown on the lighL 

Figure 3 A and B shows gmomic m^s of the 650 Id> YAC, APP-8. (A) 
A genomic map of APP-8 generated by partial digestion of yeast chromosome-size 
DNA probing Southern blots widi sequences speci& for the mA3 or TRPlzm 
of the YAC and for APP sequences inchiding the promoter (P, exon 7, and exons 
17 and 18; (B) A squesaitative Southern bkt of partial digests of AFP-8. 
Undigested APP-8 (lanes 1, 7, 13, and 19), or APP-8 digested with increasing 
amounts of Not I (lanes 2-6), Niul (lanes 8-12), Mhil (hrnes 14-19), and BssHn 
(lanes 20-24) fiactionated by PF(3E are shown. DNA was transfened to nylon 
membranes and then hybridized with sequoices specific for the I3W ann of the 
YAC (2.3 kb BcoRI/Pvun fiagment of pBR322). The solid anow represents the 

size of the undigested 650 kb YAC. and the dotted anow represents a band often 
observed in APP-8 that probably represents a deletion product of die YAC during 
propagation in yeast. Shown on the left are the molecular weights in Idlobases. 

- 9 - 
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Figure 4 A-D shows integradoo of a neomycin resistance cassette into the 
650 kb YAC, APP-8. Kgure 4A is a diagtammatic representation of the 
integration of the pHIS3PyF101neobpA vector into the TRPI aim of APP-8. 
pmS3PyF10neobpA was digested with Seal (S) site and introdnced into yeast 
strain YPH857 containing APP-8. The vector homologously recombines with the 
offy?' gene in the TRPI ann of the YAC, and His+ transfonnants are selected. 
DNA anangements of the original YAC aim, and a single or multq)]e copy 
integration of the vector are shown from top to bottom. When digested with Nofl 

(N), these different DNA arrangements yield the ftagment sizes prediclBd on the 
right, with increasing amounts of the 5.5 kb iiagment indicative of a concomitant 
increase in copy number of the integrating vector. Figure 4B shows a Southern 
blot of four His+ transfonnants (lanes 1-4), the original APP-8 YAC in yeast 
strains YPH857 (lane 5) and AB1380 (lane 6), and a control yeast strain YPH857 
(lane 7), digested with Nofl, fiactionated on IX agarose gels, and probed with the 
anv' gene (2.3 kbEcoRI/Pvun fragment of pBR322). On the right are shown the 
sizes of molecular weight mariceis (kb) of X DNA and X Hindm-digested DNA, 
and on the left sires of the fiagments predicted in A. In Figure 4C, the Southern 
blot shown in B was.reprobed with the noT gene (834 bp EcoW/Xbal fragment 
of pPol2sneobpA). Figure 4D is a diagrammatic representation of the 
pHIS3PyF101neobpA vector. 

Figure 5 A-D shows PCR analysis of (3418' ES ceD lines transfected with 
the 650 kb YAC, Py.8. A no DNA control (lane 2), DNA fiom imtmiirffrtfd ES 
D3 cells (Lane 3), Py.8 DNA in yeast (lane 4), human DNA (lane 5), and DNA 
from 5 G418' ES lines (lanes 6-10) were subjected to PCR with two sets of 
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primers per reaction. One primer set amplified a mouse-specific 203 bp product 
(Xist) as a positive control (dotted arrow), while the otheis (solid airow) amplified 
product specific for the Py.8 YAC including: a 277 bp UHU product (A); a 400 
bp human APP promoter product (B); a 411 bp fauman-spedfic APP exon 7 
product (C); and a 319 bp fauman-spedfic APP exon 17 product (D). PGR 

products were ftactionaied on 2% aganwe geU and stained with etMdram bromide. 
The promoter-specific PGR products shown in B were confirmed by Southern 

analysis. Tl»e*X174Hadn-digested molecular wdght markets aie shown in 
1. 

Figure 6 shows Alu element profiles of APP YAC tranrf^^ £s cell lines. 
High molecular weight DNA from Py.8 in yeast strain YPH8S7 (lane 1), YPH857 
(lane 2), ES D3 cells (lane 3), ES D3 cells transfected with piHISapyFlOlneobpA 
(Py8.33, lane 4), and three ES ttnes positive for YAC DNA (lanes 5-7; Py8.2, 
Py8.9, and Py8.29) was digested with ffindm, befoie fractionation on a 0.896 
agarosegel. After transfer, the Southern blot was hybridized to a human repetitive 

Alu element (284 bp HpU Alu fragment from pMTI2307). Arrowheads mark Alu 

elemoits deleted in Py8.29. 

Figure 7 A and B shows flnoresoent m-sitn hybridizatum of AFP YAC 

tra nsfe cted ES cell lines. Met^base chromosome q>rBads of ES lines Py8.2 (A) 

and Py8.9 (B) were hybridized to human COT-I DNA. 

Figure 8 shows expression of human APP mRNA in YAC transfected ES 

ceU lines. Cytqphismic RNA, isolated from ES D3 cells (lane 1), the duee ES 

lines positive for YAC DNA (lanes 2-4; Py8.2, Py8.9, and Py8.29), and ES D3 

cells transfected with pHIS3PyFl01neobpA (lane 5; Py8.33) was fractionated by 
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denaturing gel electrophoresis and transferred to nitroceUulose. The Northern blot 
was hybridized with a fiiU length human APP-695 cDNA (A), stripped, and then 
rehybridized with mouse /S-tubulincDNA (B). The large anowhead (A) represents 
fiiU length APP mRNA, and the two smaller arrowheads (B) iq)tesents jS-tubuUn 
mRNAs that utilize alternative polyadenylation sites. Shown on the right (A) are 
the positions of 18S and 28S ribosomal RNA. 

Fignre 9 shows e>q»ession of human APP In YAC tianrf^pd es ceU 
lines. Protein extracts from a CHO line transfected with human APP-69S Gane 

1) or .770 (lane 2) cDNA, ES D3 cells (lane 3), and the three ES lines positive 
for YAC DNA (lanes 4^6; Py8.2, Py8.9, and Py8.29) were fiactioaated by SDS- 
PAGE and then electrophortically tiansfened to mtnxxUulose. Hie blot was 
hybridized with the human-specific APP antibody B5 (A) or a /3-tnbulin antibody 
(B). The arrowhead rqnesents human APP eiqnessed in ES cell line Fy8.2. 

Figure 10 A-D shows PCX analysis of agouti offspring from a Py8.9 
chimera. A no DNA control (lane 2), DNA irom untiansfected ES D3 cells (lane 
3). Py.8 YAC DNA In YPH8587 (lane 4), human DNA (lane 5), ES ceU line 
PY8.9 DNA (lane 6), DNA from a C57BL6/J mouse (C9.3, lane 7)» DNA from 
a Py8.9 chimera (C9.6, lane 8). and from 8 agouti ofSspring of C9.6 (C9. 13- 
C9.20, lanes 9-16), were subjected to PCR witbtwo sets of primers per reaction. 
One set amplified a mouse spedSc 203 bp product (Xist) as a positive control 
(dotted arrow), while the othos (solid anow) amplified products spedfib for the 
Py.8 YAC inchiding: a 277 bp URA3 product (Q; and a 319 bp human-specific 
APP exon 17 product (D). PCRproducts were fractionated on 2% agarose gels 



- 12 - 



wo M«3049 PCTAJS94/03619 
and stained with ethidium bromide. Molecular weight maikers are shown in lane 
1 and represent a Haem digest of $X174 DNA. 

Figure 11 A-C shows RT-PCR analysis of APP mRNA e3q)ression in APP 
YAC transgenic mice. RNA was isolated from brain (B), heart kidney (K), 
and testes (T) of a control mouse (C9.20) or an APP YAC tiansgenic mouse 
(C9.24) and was then subjected to ST-PCR analysis with pximen coixesponding 
to highly consetved sequences of human and mouse APP cDNA. PCRpioducts 
were digested with SphI and fractionated on 2% agarose gels. Figure llA shows 
an ethidium bromide-stained gd of RT-PCR products afker SpU digestion. 
Maiken are a 1-kb ladder (Bethesda Research Laboratories). Sizes of PCR 
products are shown on the right. Lanes 9-10 represent PCR products generated 
in the presence of human or mouse APP^5 cDNA templates, respectively. 
Figure 1 IB shows autoiadiqgram of the gd shown in Figure llA. Labeled bands 
were excised and radioactivity determined by liquid sdntiDation counting. The 
ratio of human to mouse PCR products derived firom tissue RNA in the transgenic 
animal is shown at the bottom of the paneL Figure IIC shows RT-PCR analysis 
of indepemiait transgenic mice on an ^hidium brcnnide-stained gel of Sphl- 
digested RT-PCR products fam brain RNA of three APP YAC traosgeoie mice 
(laces 2-4) derived from Py8.9 chimera C9.6 and a control animal (lane i). 
Essentially identical levels of human (568 bp) and mouse (516 tip) specific 
products are observed in indq)endeat transgndc mice. 

Figure 12 A and B shows RT-PCR analysis of alternative slicing of 
human and mouse APP transcripts in APP YAC transgenic mice. RNA isolated 
from brain (B), heart (H), kidney (K), and testes (T) of a control mouse (C9.20) 
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or an APP YAC aansgenic (C9.24) was subjected to RT-PCR analysis with 
primers that flank the KH-encoding exons. Figure 12A shows a schematic 
diagram of the RT-PCR analysis. Figure 12B shows an autoiadiogiaph of the 
PCR products, digested with SphI to cleave mouse products specifically, 
fractionated on 2 % agarose gels, dried, and exposed to x-ray film. Arrows in lane 
1 represent mouse-specific products of 360, 528, and 585 bp representing mouse 
APP-695, -751, and -770 transcripts, respectively. Asterisks in lane 5 represent 
human specific products of 490, 658, and 715 by representing human APP-695, - 
751, and -770 transcr^, respectively. 

Figure 13 A and B show the steady-state aq)ression of human APP in APP 
YAC transgenic mice. Protein extracts were prqnred fitom brain (B), heart (H), 
kidney (K), and testes (T), fractionated by SDS-PAGB, and subjected to Western 
blot analysis. Kgure 13A is a Western blot of tissue extracts from control (C9.20) 
and transgenic (C9.24) tissues wifli antibody B5, specific for human APP. Figure 
1 3B is a Western btot of tissue extracts witii CT- 15, an antibody raised agi w tiie 
common carboxy terminal 15 amino acids of human/mouse AFP. 
PgTAILEP PESCRTPTION OF THF. INVENTfOW 

This invention provides a method wherd^ high mniwr^ifar weight YAC 
DNA can be transfected into ES cells, stably integrated into spedSc mouse 
chromosomes, and transferred into tiie mouse getmline in a hi^ efficient and 
reproducible manner. Large complex gmes carried on such YACs can be 
expressed at levels and in tissues similar to endogoious gene products. Thus, the 
method of this invention may be used to analyze large gene complexes (i.e., 
homeobox or globin genes), higher order genomic structure (i.e., chromosome 
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inactivation, imprinting, and dosage imbalance), and gene expression (Le., for 
acting cis sequences). Furthennoxe, this invention provides for the development 
of models of human disease, the identification of disease loci, and the design of 
new methods of gene therapy by providing transgraic animal models with laige 
segments of human DNA associated with the r6q)ective diseases. 

The disclosure heroin assumes fomiUarity with the standard ^frhniq^ifts for 
manqmlation and analysis of rocombinant DNA, as taught in, e.g., Samhrook, et 
al., "Molecular Cloning: A Labonttory Manual", Cold Spring Haibor Laboiatozy 
Press, 1989, or Ausubel, et al., "Cunent Protocols in Molecular Biotogy", Greene 
Publishing Assoc. and Wiley-Intersdence, 1991. General yeast protocols, yeast 
media and standaidgenedc techniques are taught in Guthrie, etaL, 1991,Method5 
In Enzymology, 124> Academic Press. 

The method of this invention provides for incoiporation of large, 
contiguous foreign DNA segments into mammalian cells and into transgenic 
animals. Prior to the presnt invention, technical limitations, including vector 
capacity and DNA handling techniques, had prevented the production of 
recombinant cells or transgenic animals containing contiguous segments of foreign 
DNA greater than abqpt 70 kb. The method taught herein provides for production 
of recombinant mammalian cells, as well as transgenic animals, containing 
contiguous foreign DNA segments of greater than about 70 kb, preferably greater 
than about ISO kb and most preferably greater than about 40^ Hie contiguous 
DNA sequences contemplated herein are usually gaomic DNA sequences, and 
include graes where the genomic sequence inchiding control sequraces is at least 
about 100 kb, or gene complexes or gene clusters, which may be incoiporated in 
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a coordinated fashion. The foreign DNA can be obtained from any souice of 
DNA that provides contiguous DNA s^oits of the size contemplated by this 
tnventioa. TTie foreign DNA segments are cloned into a yeast aitiiicial 
chromosome vector, and the size of the foreign DNA is limited only by the 
capacity of the yeast artificial chromosome system and the ability of the target 
mammalian cell to integrate »Mi tinna] DNA. 

A prefened source for large contiguons DNA s^ments is a yeast artificial 
chromosome (YAC) library. Pvqaration of such libraiies is well known in the ait 
(Guthiie. et al.). Ready-made libiaries and selected cJones are available iiom the 
Chromosome 21 Joint YAC Screraiing Effort courtesy of Dr. David Patterson, 
Eleanor Roosevelt Institute fior Cancer Reseaich, 1899 Gayloid Street, Denver, CO 
80206., Tel. No. (303) 333-4515 and Fax No. (303) 333-8423. YAC libraries 
may be screened by any of the techniques used in the art for screening DNA 
libraries, induding probiog wiA nucleic add fiagmeots of known sequoice, primer 
directed amplification, such as PCR ^tymerase chain reaction), and the like. 
The preferred method for seleding a YAC containing the desired laxge DNA 
segment is PCR screening. Separation oi the YAC iirom die rest of the yeast 
genome by, e.g., pulsed-fidd gel electn^lwrBsis (FFG^) permits ana^ and 
characterization of the DNA insert. The skilled woiker win leadity appreciate that 
the DNA sequence of die isolated YAC can be analyzed using various techniques ; 
particular techniques will be sdected dqiending on die sequence and the 
information need to distinguish die DNA. Isolation. rq>lication, cloning and 
analysis of YACs is widiin the skill of die art as taught in, e.g., Sambrook, et al. , 
Guthrie, et al., and Ausubel, et al. 
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In a preferred embodiment of this invention, multiple selectable markers 
are incoipoiated into the YAC used for introducing the large foreign DNA 
segment into a transgenic animaL Selectable markers arc DNA sequences which, 
when expressed, produce a biological effect that is readily detectable in the 
expressing organism. When DNA containing a selectable marter is introduced 
into a host ceU, the host containing the marker is easily selected from similar cells 
which do not contain the marker. Selectable markers are well known in the art of 
molecular cloning, and chok» of a particular marioer is within the skill of the art. 

Piefinably, the selectable maikers are integrated into the YAC by 
introduction of a cassette containing one or more selectable markers. More 
preferably, the selectable marker cassette used in the method of this invention 
contains at least one marker that is ex|nessed in yeast, at least one marker that is 
expressed in mammalian cdls and a resttictum enzyme cleavage site flanked by 
sequences homologous to sequences in die vector used to cseate die YAC library . 
Eidier or both of the selectable markns may be present cm the cass^ in multiple 
copies. 

Integration of the cassette is accomplished by lineariTing the r^ff,^^ with 
the mttiction enzyme and introducing the lintgHigyd cassette DNA into yeast 
containing the YAC, where the cassette is integrated into the YAC by 
rec ombin ati o n at the homologous sequences (the integration site target). A 
particularly preferred cassette may be constructed as disclosed hernn in Example 
2 below. The preferred cassette contains a neomycin resistance marker under 
control of a mutant polyoma-enhanco/thymidinB kinase d promoter and is 
especially ^ective in embryonic stem cells. Preferably the selectable marker 
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cassette is integrated into the YAC at an integration site target only in the vector, 
but that is not present in the foreign DNA sequmce, to avoid disniption of the 
contiguous sequence of the foreign DNA. Successful integration can be confumed 
by standard techniques, inchiding, e.g., PFGE and restricticm fragment anatysis. 
The integrity of the foreign DNA segment following integration of the selectable 
mailcer cassette should also be confumed usually by analyses Mmiiar to those used 
to charactoize the YAC. 

It is clear that YAC DNA can be easily manqmlated in yeast pxior to 
intfoducdon into the mammalian gomline. With this technique, it is possible to 
assess the contributions of insertions, deletions, or point mutations in genes 
associated with the etiology of specific diseases incfaidiiig AD, ALS, and 
Huntington's disease. These mutations can be introduced by controlled 
manipulation of die YAC DNA in yeast, and the resulting DNA can produce 
transgenic aninuds with known gmetic modifications. 

Preferably the YAC is purified from the yeast and the remaining yeast 
genome before it is introduced into the mammaKan ceU to limit the amoum of 
foreign DNA (of potential detrimental ^ect) introduced into the mammaK^if. cell. 
This is prrferably accomplished by PFGE, to avoid m#irhanjpai damage to the 
YAC, which could disnipt the foreign DNA segment Recoveiy of die YAC from 
the agarose gel following PFGE is enhanced by inchision of an optimal 
concentration of polyamines to protect high molecular weight DNA fmm shearing. 
Investigation suggests tiiat die larger die YAC, die higher die concentration of 
polyamines that is needed to protect die DNA. For example, 50-100 
polyamines were required to keep an 180 kb SODI YAC intact, a finding similar 
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to that observed by Strauss and Jaenisch (1992), wheieas the 650 kb APP YAC 
used in the present study required 10 times higher concentration to protea the 
DNA from shearing. 

It is desirable to provide a large amount of YAC DNA to the mammalian 
ceil. The major limiting factor in this transfection protocol is the quu 
DNA that can be isolated from preparative gels. Particularly preferred YAC 
amplification vectors are those with conditional centromeres; th^ allow for a 20- 
fold enrichment of the YAC relative to the yeast chromosomes (Smith, et al., 
1990, Proc. NatL Acad. Sci. USA, £Z:8242-8246). 

The YAC containing the large, contiguous foreign DNA segment, 
preferably containing multiple copies of selectable markers expressed in 
mammalian cells, is then introduced into a mammalian celL Hie YAC may be 
introduced into a mammalian cell by any process known in the art, so long as the 
large, contiguous foreign DNA segment is not disrupted. A preferred method of 
introduction (or transfection) is lq>id-mediated transfecdon or lq)ofection (see, e.g. , 
Ausubel, et al.). Transfected mammalian cell lines can be selected which contain 
the selectable maikm on the YAC using standard mediods. Transfected cell lines 
that are positive for the selectable madmrs are then analyzed for the presence of 
the intact segment of the foreign DNA. Techniques for analysis ci the DNA 
content of the transfected mammalian cells are similar to the techniques used for 
analysis of the int^ty of the foreign DNA in the YAC and well known to the 
skilled worker, and they inchide PCR analysis of DNA extracts of the cells and 
fluorescent iiLjifii hybridization, as well as Northern blot and Western blot 
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analysis to determine if the transfected cell expresses the protein encoded by the 
foreign DNA. 

In the experiments described below, approximatdy ten G418' colonies were 
obtained per 10' ES cells tiansfected with YAC DNA, with 10% of the resulting 
G418' colonies containing a majority of the YAC. The fitacticHi of successfully 
transfected cells containing the YAC was similar to the observed by Strauss and 
Jaenisch (1992) for fibroblasts. However, the dfidmcy of tiansfection achieved 
by the present method (for a YAC over four times larger than previously 
describetO was almost five times higher than achieved by Stiauss and Jaenisch. 
These results may, in part, be a reflection of the multiple ne<f cassettes that were 
integrated in die Py.8 YAC. Preliminary transfertions with Py. 2 YAC DNA 
containing a single neo' cassette (Figure 4) yielded 5-10 fold fewer (3418' colonies. 
Thus, an advantage of a targeting strategy in which sdectable maikers are 
introduced into the YAC vector arms is die ftequent integration of multq)le 
selectable maikers, such as those contained in die nuf cassettes, witiiout 
intemipting die YAC insert DNA. Hie fraction of ES ceOs containing die YAC 
can be improved by introducing a second mammaKan selectable gme, such as 
resistance to hygiDmycin, into the odier YAC aim prior to introduction into cells. 

Piefened mammalian cells for transfection are embryonic stem cells. 
Embryonic stem (ES) cells are pluri^xMential cdls that are cq)able of colonizing 
a host embryo and contributing to the finmation of all tissues, inchidmg the germ- 
line (Robertson, E.J., 1987, in Temocardnimas and Embryonic Stem Cells: A 
Practical Approach, pp. 71-112, OxfoidrIRL Press). ES ceUs have a normal 
chromosomal constituent, are rapidly dividing, and easily cultured and passaged. 
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Impoitantly, ES cells are also amenable to manipulations in culture, including gene 

transfer and drug resistance selection. Preferred onbiyonic stem cells are those 

of mouse (Bradley, A. , 1987, in Termocareinonuu and Embryonic Stem Cells: A 

Practical Approach, pp. 113-151, E.J. Robertson ed., Oxfiml:IRL Press) or pig. 

Embryonic stem cells tzansfected as described hoein are particularly usdul for the 

construction of transgenic animals. In particular, transfected ES that atptess the 

foingn protmn, as deteimined by analysis as described above, are prefened for 

production of transgenic animals according to the mediod of this invention. 

Transgenic animals are prepared by injectiog ^ t^irfected ES cdl line 

obtained above into blastocysts of the same animal speaes as the ES cells, but 

from a strain having one or more easily d^BCtable trait wUdi is diffeteot fiom the 
strain from which the ES cells were derived. Hie injected blastocyst is allowed 

to devdop into a chimeric anifluO, containing cdk doived finom both the bla^ 
and the transfected ES cell Hne. Preferably this is accomplished by transfening 
the embryo (the injected blastocyst) into a pr^nant or psoidoptegnant fanale, 
where the embryos develop until the chimeric animals are bom. Chimeric animals 
are selected by standard techniques. In a preferred embodiment, the embryonic 
stem ceUs and the blastocyst come ficom different strains of mouse, whidi differ 
in a readUy detectable characteristic, such as coat color. Chimeric mice wUl 
exhibit at least some of the coat color characteristic of Uw ES somce strain. 
Chimoic animals are mated to the source strain of tiie blastocyst and chimeric 
offspring are tested to determine whether they are caixying the foreign DNA. The 
of^qning canying die foreign DNA rq)resent successful ttaosmission dmni^ the 
germline. The method of this invention provides for tiie introduction of 
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extremely large, well-defined genomic sequences into mice with high efficiency, 
by the transfer of purified YACs, via lipid mediated tiansfection, into ES cells, 
and eventually into the geimline of mice. This approach has several major 
advantages: the ability to completely characterize the genomic DNA carried in the 
YAC, the avoidance of extensive manipulation of large DNA molecules involved 
in microinjection, and the ability to easily identify and analyze ES cell that contain 
integrated YAC DNA prior to transfer into animals. 

In a particular embodiment^ this invention provides animals that test the 
hypothesis that overe;q>ression of AFP may lead to the dqx>sition of A^, a 
pathotogical haUmaik of individuals with AD and DS. Transgenic mice that 
overexpress the entire APP gene closely mimic the APP dosage imbalance 
observed in individuals with DS. Previous efforts have not been successful in 
r^roducing the deposition of Afi characteristic of AD and DS (Sisodia and Price, 
1992). A consistent feature of these earlier efforts is that transgenepiDducts have 
been expressed at low levels compared to endogenous APP. Consequently, to 
date, these studies have provided little msight into the underlying molecular 
mechanisms of amyloidogenesis. 

In contrast, large genomic sequences of interest can be introduced and 
e3q>ressed in mice by the method of this invention. Because transgenes have been 
limited to -70 Id) in transgenic animals, the introduction of a 650 kb YAC 
containing the entire 400 kb human APP gme into mice represents a very 
significant advance. Indeed, the 6S0 kb of introduced human DNA represents 
approximately 1.5% of all human chromosome 21q. Because this genomic 
fragment contains the entire APP gene, -250 kb of flanking sequences, and 
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possibly additional unidentified genes, these animals have been termed APP YAC 
transgenic mice. In the APP YAC transgenic mice of tiiis invention, a genomic 
region that contains the entire human APP gene and flanking sequences is 
introduced, and human APP mSNA and protein are expressed at sig nifirant levels 
in the biain as wdl as other tissues of these animals. 

Finally, transgnuc mice produced according to the method of tiiis invention 
allow stringent testing of the roles ci mutatimis in cases of eaily-onset FAD and 
HCHWA-D in amyloidogenesis. By homologous recombination in yeast, APP 
mutations are introduced into the 6S0 kb AFP YAC so tliat the encoded 
polypeptides will harbor amino add substitutions either in tiie APP transmembrane 
domain (position 717 of APP-770) or immediately upstream of the A/3 sequence 
(position 670 and 671 of human APP-770) found in FAD, or snbstitutions in die 
A^ sequence (position 692 or 693 of APP-770) foundinHCHWA-D. Thedouble 
mutation (position 670 and 671) docimiented in a Swedish FAD kmdied, increases 
the production of Afi in vitro (Citron, et aL, 19, Neuun (London), 2fiQ:672-674; 
Xiao-Dan. et al.. 1993, Science, 222:514-516). Tissue cultuie cells ttansfected 
witii cDNAs encoding tiiis mutant polypqitide secrete higher levels of A^S- 
containing peptides tiun cells txansfected widi wiU-type coostmcts. The 
imroduction of a human YAC estpressing mutant AFP into ES cdls and, 
subsequenUy, into the geimline of transgenic mice according to this invention thus 
provides a direct test of die significance of mutations in the AFP gene in the 
etiology/patiiogenesis of AD and HCHWA-D. 
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The following Examples aie provided to more fully illustrate the present 
invention. They are not intmded to limit the invmtion descnbed herein, which 
is only limited by the appended claims. 

Example 1. 

Characterization of AFP YACs 

A human YAC library was screened by PGR using primes specific for 
human APPexon 14 through the chromosome 21 Joim YAC Screening Effort and 
lead to the identification on nine indqiendent YAC isolates. These YACs, 
designated as APP-1 through APP-9. were fractionated by pulsed-fieU gd 
electrophoresis (PFGE; Figure 1). Hie YACs varied in size ftom 150 kb (APPO, 
lane 4) to greater than 1,000 kb (APP-2, lane 2). 

General yeast protocols, yeast media, and standard genetic techniques are 
described in Guthrie and Fink, 1991. 

Nine AFP YACs were obtained firom the Chromosome 21 Joint YAC 

Screening Effort by screening with PCR primers specific for human AFP neon 14 

(exon 14 fiwward, 5'-TrGAATGCCATGTGCCTCAG-3', and exon 14 reveise, 

5*-GCTGAATICCCCATrCACGG-3'). Clone munbera of each isolate are: 

A122A9 (APP-1); DllOGl (APP-2); B53B10 (APP-3); A223G10 (APP-4); 

D110G6 (APP-5); B171E3 (APP-6); D110B9 (APP-7); B142F9 (APP-8); and 

A167D10 (APP-9). Tlie SOD-8 YAC is a 180 kb YAC containing the superoxide 

dismutase I gene that was transfonned with a neomycin resistance cassette 

described i»eviously (Pavan, et al., 1990). 
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The isolation of high molecuiar weight DNA from yeast was a modified 
procedure of that described previously (Anand, et al., 1989, Nucl Adds Res., 
12:3425-3433) by scaling up and resuspending 50-100 ml of yeast grown to 
saturation in YPD, in a final vohime of 6-8 ml, to obtain more concentiated plugs. 
Isolation of total genomic DNA fiom yeast followed a protocol described in Davis, 
et al. (1980), Methods In Enzymohgy, jtS:404-411. 

PFGE was petfoimed on a Bio-Rad contour-clamped homogeneous electric 
field (CHEF) DR n apparatus, in 1% agarose (SeaKem LB, from FMQ for 
analytical gels, or 1% low melting point agarose (SeaFlaque, from FMQ for 
prepaiative gels, in 0.5 X TBE electrophorBsed at 200 V (140-170 mA) at 12'C. 
Switching times varied fiom 60-90 seconds for various applications. A standard 
yeast karyotype was obtained with a 60 second pulse for 16 hours, foUowed by a 
90 second pulse for 14 hours. Partial digests of the 650 kb AFP YAC was 
perfonned by digesting yeast plugs with 0.001, 0.01, 0.05, 0.1, and 1 unit of 
BssHE, Mlul, Nnil, and NotI for 1 hour and tenninatiiig each reaction with 50 
mMEDTA. Digests were fractionated by PFGE with a 60 second pulse for eight 
houis, followed by a 90 second pulse for 15 hours. PreparBtive gels for isolation 

of the 650 kb YAC were petfoimed widi a 60 second pulse for 44 houis. 

Extensive restriction analysis of each APP YAC documented the goiomic 
anangement of insetted human sequences. DNA digests were analyzed by 
Southern analysis using several nonoverisq^g probes whidi encompassed all 18 
exons of the APP cDNA and the APP promoter. Figure 2 is a rquesentative blot 
which demonstrates hybridization of YAC DNAs with probes representing different 
portions of APP: the human APP promoter (A), exon 7 (B), and a fiagment 
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covering 1/2 of exon 16, exon 17, and exon 18 (C). The PFGE and restriction 
analysis (Table 1) shows that only the four laigest YACs, contaiiiing inserts of 650 
kb (APP-8), 850 kb (APP-5 and APP-T), and > 1.000 kb (APP.2), contained aU 
1 8 APP exons as well as the APP promoter. Compaiison of hybridization patterns 
to that obtained with human DNA, revealed that these YACs contained an 
uniearranged APP gene. Furthermore, the restriction toap obtained for the AFP 
YACs is entirely consistent with the map generated by analysis of cosmids 
containing human APP sequences (Yoshikai, et aL, 1991, Gene, 102:291-292) 

Hie analysis of the 650 kb APP-8 YAC was extended by partial digestion 
with rare cutting testrictira enzymes, fiactionation by PFGE, and Southern 
analysis with YAC and human APP-spedfic probes. Figure 3B documents the 
analysis of partial digests with Nofl (lanes 2-6), Nrul (lanes 8-12), Mlul (lanes 14- 
18). and BssHn (lanes 20-24) probed with sequences specific for the TEUn arm of 
the YAC. A tentative genomic map of the insert in APP-8 is shown in Figure 3 A. 
Notably, our PFGE map indicates that the entire APP gene is approximately 400 
kb. substantially larger than the minimal size estimate of 170 kb generated by 
cosmid analysis (Yoshikai, et aL. 1990). 
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Table 1. 







APP SEQUENCES 


APP 






EXONS 


EXONS 


YAC CLONES 


SIZE OF YAC 


PROMOTER 


1-8 


9-18 


APP-1 


200 Kb 






+ 


APP-2 


1,000 Kb 


+ 


+ 


+ 


APP-3 


ISO Kb 






+ 


APP-4 


200 Kb 






+ 


APP-5 


850 Kb 


+ 


+ 


+ 


APP-6 


210 Kb 






+ 


APP-7 


SSOKb 


+ 


+ 


+ 


APP-8 


650 Kb 


+ 


+ 


+ 


APP-9 


340 Kb 






+ 



The presence (+) or absence (*) of unieananged APP sequences in the 
YACs was detennined by extensive xestricdon analysis. Southern blots of these 
digests (BamHI, EcoRI, Hindm, and all combinations of these enzymes) were 
hybridized with 2-3 exon pieces of the mouse APP-69S cDNA, a fragment 
containing human exon 7, and a fragmoit containing the human APP promoter. 
Representative Southerns are shown in Figure 2. 
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Example 2. 

Manipulation of APP YACs 

APP-8 was selected for our initial studies because this YAC appeared to 
contain the entire unreananged human APP gene. As a flxst step towards 
introducing this YAC into ES cells, APP-g was transferred by ^hoiplast 
transformation from yeast strain AB1380 to YPH857, a versatile yeast strain that 
permits extensive manipulation of YACs. The next step in our strategy involved 
the insertion of neo' cassettes into the TRW arm of APP-8, by taking advantage 
of die presence of the his3-A200 marker in YPH857. TMs strategy differs 
substantiaUy from previous efforts which refied on integration of ne& cassettes into 
YACs through a human repetitive Alu element (Pavan, et aL, 1990). Concerned 
with the presence of several Alu elements within the APP geon itsdf (Salbaum, et 
al., 1988, EAdBO /.. 2:2807-2813), we predicted that the earlier targeting 
strategies couU lead to APP gene disruption. 

To introduce a neo' cassette into the TRM arm of any YAC (cloned in 
pYAC4), we constracted die integrating phuntid pHISSPyFlOlneobpA, that 
consists of a neof cassette for positive selection in ES cells, and Uie yeast HIS3 
gene for positive selection in yeast. The YAC targeting vector 
phisSPyFlOlneobpA was constructed as foUows. An Xhdl 1347 bp ftagment 
containing pol2sneobpA (Soriano, et aL, 1991, CeU, M:693-702) was first 
subcloned into pBhiescript E KS-. TTie pol2 premoter was removed by digestion 
witii EcoRI and religation, creating die promoterless pneobpA. pneobpA was 
digested widi EcoRI, die ends filled in witii laenow DNA polymerase and dNTPs. 
In parallel the mutant polyoma enhancer PyFlOl (Lixmsy and Doneriy, 1983, Cell. 
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35:693-699) driving the herpes simplex virus thymidine kinase promoter (IK) was 
isolated on a 340 bp Xbal/Bgin fragment from pPyFlOlTKCAT (Lamb, et al., 
1991. Gene Expression, 1:185-196) and the ends filled with Klenow DNA 
polymerase. The pneobpA vector was ligated to the polyoma-enhancer/TK- 
promoter fragment, creating pPyFlOlneobpA. Finafly, the HIS3 gene of yeast 
was isolated on a 1157 bp BamHI fragment from p288, blunt ended and cloned 
into the Smal site of pPyFlOlneofapA. 

The 650 kb APP YAC was ttansfored from yeast strain AB1380 (MATa, 
ura3-52. trpl, ade2-l, canl-100, lys2-l. hisS) to YPH857 (MATo, ^, ura3- 
52. tipl.A63, lys2-801, ade2.101, his3-A200, Ieu2-Al, cyh2'; by spheioplast 
transformation as described previously (Conndty. et aL, 1991, Genomics, 1Q:10- 
16). The pWsaPyFlOlneobpAplasmid was targeted to the TRH arm of the YAC 
by first digesting the phumid with Seal, which linearizes the plasmid within the 
amp' gene. Linearized plasmid (3 Mg) was then tiansfcired to YEH857 containing 
the 650 kb APP YAC by lithium acetate transformation (Ito, et aL, 1983, /. 
BaaerioL, 121:163-168). His* ttansfonnants were Isolated and screened by 
PFGE and restriction analysis. 

The 650 kb APP YAC with multiple copies of phis3PyF101neobpA 
insertions in the aim (Py.8) was isolated on an 8.25" X 5" preparative geL A 
0.75" strip on each side of die gel was stained with ethidium bromide to serve as 
a maricer to isolate a strip of agarose containing the YAC. Hie strip was cut into 

1 g blocks and washed three times for 30 minutes at 4*C in 5 ml of 20 mM Tris- 
HCl/lmM BDTA/500.1000 /tM spermine-HQ pH8.0. The agarose block was 
tiien melted at 65»C for 15 minutes, equilibrated to 40'C, and 15 units of 0- 
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agaiase (NEB, cat. no. #392L) was then added with gentle mixing. Agarose was 
digested for 90 minutes at 40"C. and thai either used direcay to tiansfect ES cells, 
at a YAC DNA concentration of 0.1-0.5 ng//il, or concentrated to 1-2 ng/nl by 
centiifiigation in a Millipore Ultrafree-CL, 300,000 NMWL filter unit for 15-30 
minutes at 1 ,000 ipm (Beckman TI-6 centrifuge) befbie transfectioo. TTie integrity 
and purity of the YAC DNA was tested by PFGE and Southern analysis prior to 
transfection. The neo^ gene in this cassette is txansciqitioaally depeadeat on the 
mutant polyoma enhancer PyFlOl and the heipes simplex vixus thymidine kinase 
pn)motBr, and was demonstfitted to be a highly efficient vector for genoating neo' 
EScelllines (unpublished observations). pHIS3PyF101neobpA was digested with 
S cal within the ampicillin resistance (ampO gene and introduced, by lithium acetate 
transfotmation. into YPH857 carrying AFP-8. Two potential arrangements 
following a homologous recombination event that introduces the plasmid into the 
amp'gene widdn the TRPI aim of the YAC, are diagrammed in Figure 4A. The 
resulting His*^ transfonnantsweretestedfortheintegrationof the necf plasmid by 
digesting with Nod and Southern analysis with pnrtws spedtic for the amj^ (Kgure 
4B) and neo' (Figure 4C) genes. Two APP-8 tiansfonnants, Py.2 and Py.3, (lanes 

1 and 2) had the predicted ftagments expected for inseitixm of a single copy of the 
integrating plasmid, whereas Py.6 and Py.8 (lanes 3 and 4) exhOnted restriction 
patterns consistent with multiple (-5 copies) integrants in a tandem arrangement 
(see Figure 4A). Extensive restriction analysis revealed that all four tiansfbnnants 
contain an unieairanged human APP gene (data not shown). 



- 30 - 



wo 54«3049 PCT/USM/03619 
Examples. 

Introduction of AFP YACs Into ES Cells 

ES D3 cells (kindly provided by Dr. Tom Doetschman, University of 
Cincinnati) were cultured on mitomycin C-treated ptimaiy embiyonic fibroblasts 
essentiaUy as described (Robertson, 1987) except cells were grown in 15% fetal 
calf senim at 10% COj. L eu k e mi a inhibitoxy £u:tor QJP) was provided by a 
1:500 dilution of conditioned media from CV-1 cells that had been stably 
tiansfonned with the UP eiqnessioa vector pC10-6R (Smith, et aL, 1988, Natun 
(London), 22^:688^). 

2-4 X 10* ES cells were plated in a 3S-mm well 18 hours prior to 
transfection. 100 /d of purified YAC DNA was ttansfiscied by a wide bore 
capillary pipette to 2.5-15 ng of Lipofection (BRL, catalog #8292SA) dfluted to 
100 nl with OptiMEM (BRL, catalog # 320-1985A]). Lqiids and YAC DNA were 
gently mixed in polystyrene tubes, and allowed to complex for 45 minutes at room 
temperature. Complete ES media (0.8 ml with LDP) was added, genHy mixed, 
transferred to media drained ES cells, and allowed to incubate for 16>18 hours. 
Fresh media was added, and after 36-48 hours the cells were split onto 10-cm 
plates in ESmetfiasupptemoited with LIF and 200 f(g/mlacdve 0418. Selection 
was contimied for 1 1-14 days, adding primary embryonic fibroblasts as necessary. 

ES line Py8.2 was picked ftom a plate that went dirough selection on a gelatinized 
(0. 1 %) plate instead of on fibrobbsts. Gnomic DNA was isolated fiom ES cells 
and mouse tails by a standard salting out procedure (MBler, et aL, 1988, Nucl. 
Add Res. , 1^1215), while high molecular weight DNA was isolated from ES ceils 
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in agarose plugs as described (Gardiner, et al., 1986, Somatic CellMol. Genetics, 
12:185-195). Human DNA was obtained ftom Sigma (St. Louis, MO). 

Py.8. the 650 kb human APP YAC with multiple neo^ cassettes, was 
selected for tnmsfection into ES cells. Although conventional stiategies for 
introduction of YAC DNA into mammalian cells involved spheioplast fusion of the 
yeast carrying the YAC, the disadvantage of this method is that a majority of the 
yeast genome is also transferred into the rec^rient genome (Fachnis, et aL, 1990; 
Pavan, et al.. 1990; Huxley, et al., 1991). As an alternative, Py.8 was 
fractionated by PFGE and then enzymatically liberated ftom the agaiose gel matrix 
with tf-agarase*. Py.8 DNA was tiansfected into ES cells by a lipid-mediated 
transfection method. Critical to this process was the indusion of an optimal 
concentration of polyamines needed to stabilize the YAC DNA in sohition. This 
procedure routinely yielded full-length purified Py.8 DNA at a concentration of 
0.1-2 ng//a. To transfier purified YAC DNA to ES cells, we also examined a 
number of different Iqrid transfection reagents inchiding the commncially available 

Ijpofectin* and Transfectace* reagents provided courtesy of Bethesda Ite^ 
Laboratories. Lipofectin*^ appeared to be die most effective for transfeiring YAC 
DNA to ES cells; on average, transfection of 10-200 ng of purified Py.8 YAC 
DNA into 1 X 10^ ES cells with Uftikti^ yielded 1-4 G418' colonies. In our 
first transfection experiment, we generated 23 G418' ES lines following 
transfection with gel-^mrified Py.8 DNA. 
DNA PGR Analysis 

The oligonucleotictes used for PGR anatysis are as follows: URA3 forward. 
5*-AATGCACACGGTGTGGTG-3*, URA3 reverse 5 
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CGTCTCCCTTGTCATCTAAACC-3', promoter forward 5'- 
AATATCTGCTGTCCTTATAA-3', promoter reverse 5'- 
GACTQTTTTAGTAACCGCAT-3', exon 7 forward 5'- 
GTCGGTGGCCAGTTAAATTC-3', exon 7 reverse 5'- 
AGCAGAGTCAGTGGCGAGAG-3', exon 17 forward (as described by Goate. et 
al., 1991) 5'-CCTCATCCAAATGTCCCGTCATr-3% exon 17 leveise 5'- 
GCCTAATTCrrcrcATAGTCrrAATrcCCAC-3\Xi5t(a^ 
et al., 1991, Nature (London), 151:325-329) forward 5'- 
GGGACCTAACTGTTGGCTTTATCAG-3\ and Xist reverse 5*- 
GAAGTGAATrGAAGTnTGGTCTAG.3'. PGR analysis of DNA preparations 
were peifonned with 50-100 pmoles of each oligonucleotide and IVu} DNA 
polymerase (Peridn Ehner/Cetus, Emeryville, California) for 30 cycles at an 
annealing temperature of 60'C. Products were fiactionatod on 2 « agarose gels 
and visualized with ethidmm Immiide. PGR products are 277 bp for the URA3 
primers, 400 bp for the human APP promoter ofigos, 411 bp for the intronic 
human exon 7 piimera, 319 bp fiiv the hdronic human exon 17 primeis, and 203 
bp for the Xist primers. 

PGR anatysis revealed that three of the 23 G418' lines appasoA. to have 
mtegrated the human APP YAC, two of which are shown in Figure 5; ES lines 
Py8.2 (lane 6) and Py8.9 (lane 8) contained the APP human promoter (5B), exon 
7 (5C). and exon 17 (5D). Py8.9 also contained the URA3 maiker from the arm 
of the YAC £uthest from the neo' cassette (5A). Genomic DNA isolated from 
Py8.2 and Py8.9, as weU as the other DNA positive line Py8.29, was subjected 
to extensive restriction analysis, revealing that the entire human APP gene was 
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essentiaUy intact and unieamnged (data not shown). Fuithennore, high molecular 
weight DNA was isolated from the ES lines containing the APP YAC, digested 
with Hindm and probed with a human Alu repetitive element (Figure 6). This 
analysis reveals a characteristic Alu profile of the 650 kb Py.8 YAC (lane 1), and 
an essentially indistinguishable pattern in ES lines Py8.2 (lane 5) and Py8.9 (lane 
6). strongly suggesting that in these lines the YAC was tnnsfened intact. On the 
other hand. Py8.29, appeared to be lacking seveial Alu elements (lane 7, arrows). 
A comparison of hybridization intensities between endogemnis mouse AFP and 
human APP suggested that lines Py8.2 and Py8.29 contain a single copy of the 
APP YAC, whereas line Py8.9 contains multqde copies (data not shown). The 
transfection protocol described here is highly reliable and rtimxfaicible, as an 
independem transfiection of ES cells with Py.8 YAC DNA yielded 11 G418' lines, 
one of which appeared to contain the entire human APP YAC, and transfection of 
ES cells with a YAC containing the human sapaoadde rfisnnimsp I (SODI) gene 
from chromosome 21, has generated several ES lines containing die YAC (data not 
shown). 

Fluorescent In-Situ Hybridization 

Mouse embryonic stem cell metq>base efanmiosomes wne pnpaied using 
a mitotic shake off procedure according to standard cytogenetic protocols. 100 ng 
of human COT-1 DNA was labelled with BioItin-14HlATP by nick translation 
(Langer, et al., 1981, Proc. Nad. Acad. Sd. USA, 1^:6633-6637) and hybridized 
to mouse chromosome and inteiphase nuclei preparations. Hybridization and 
signal detection was aconnplished as described previously (Kievits, et al., 1990. 
Cytogenet. Cell Genet., 52:134-136). Chromosomes were counterstained with 
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propidium iodide (0.5 (ig/wl) and DAPI (0.5 /xg/ml) in antifode medium (Johnson 
and Aiaujo, 1981, /. Immww. Methods, 4^:349-350) and viewed using a Leitz 
Aristopian epi-fluorescent microscope equipped with a double band pass filter 
(HTC/Texas Red). 

Finally, we used fluorescent in-situ hybridization (FISH) of the 
chromosomes from ES lines Py8.2 and Py8.9 to demonstrate integration of the 
YAC. FISH with human repetitive COT-1 DNA revealed a distinct signal on a 
single mouse chromosome in 70 out of 89 (79% efficiency) metaphase 
chromosome spreads from ES line Py8.2 (Figure 7A) and 114 out of 130 (88% 
efficiency) inteiphase nuclei contained a single signal, strongly suggesting the 
YAC integrated into a single mouse duromosome in ES line Py8.2* On the other 
hand, ES line Py8.9 demonstrated a distmct signal on two mouse chromosomes in 
62 out of 75 (83% efiidency) metaphase chromosome spreads (Figure 7B), and 
111 out of 125 (89% efRdency) inteiphase nuclei contained two signals, 
suggesting the YAC had integrated into two different mouse chromosome in ES 
line Py8.9. As controls, untransfected ES cell met^hase chromosome spreads 
exhibited no signal with human COT-1 DNA, while human metaphase 
chromosomes exhibited signal on every chromosome (data not shown). 
RNA Analysis 

For Northern blot analysis of ES cells, cytoplasmic SNA was prqnred as 
described (Sisodia, et al., 1987, Mol Cell BioL, 2:3602-3612 RNA was 
fractionated by electrophoresis on f ormaldehyde-agarose gels and then transferred 
to nitrocellulose membranes. Membranes were hybridized with a full-length 
human APP-695 cDNA in 50% formamide/6XSSC at 42''C and then washed at 
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O.IXSSC at SO^'C. Blots were stripped, and then leprobed with M^5, a cDNA 
encoding mouse class IV i3-tubulin. Probes were labeled with using a random 
primer-mediated protocol (Feinbeig and Vogelstein, 1984, Analy Heal Biochemistry, 
Addendum, 132:266-267) to specific activities of between L5-2.5 X 10* cpm/^g. 
Example 4, 

Expression of human AFP in ES cells 

The ES lines containing the integxated human APP YAC weie examined 
for human APP mRNA expression and synthesis of human APP. We pxepared 
cytoplasmic RNA from untransfected ED D3 cells (Hgure 8, lane 1)» ES cells 
lines containing the APP YAC (Figure 8, lanes 2-4), and D3 cells transfected with 
pHIS3PyF101neobpA (Figure 8, lane 5). RNA was fractionated by denaturing gel 
electrophoresis, transferred to a nitrocellulose membrane, and then probed with a 
AiU-length APP-69S cDNA (Figure 8), a probe which recognizes human and 
mouse mRNA with equal efficiency (Sisodia and Lamb, unpublished observations). 
Our smdies document that ES lines Py8.2, Py8.9, and py8.29 accumulate fiill 
length APP mRNA, with the highest expression in line Py8.2 (lane 2), moderate 
levels in line Py8.9 (lane 3), and low but detectable levels in line Py8*29 (lane 4), 
as compared to untransfected ES cells (lane 1), and to ES cells transfected with 
pHIS3PyF101neobpA (lane S). Notably, mouse APP mRNA is expressed at 
extremely low levels in ES cells (lanes 1 and 5). These findings woe confirmed 
by SI nuclease protection assays and reverse transcrqitase PGR (RT-PCR), which 
indicated that human APP mRNA in all three ES lines was correctly initiated and 
spliced (data not shown). It is presently uncertain whether the observed 
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differences in the levels of expression of the three lines can be attributed to 
disparate chiomosomal integration sites or other factors. 
Protein Analysis 

Protein extracts from cells and tissue were pxcpaxcd for inununoblot by 
lysis and homogenization in IX Laemmii buffer (2% SDS/62.5 mM Tris-HCl, pH 
6.8/5% /S-niercaptoethanol/20% glycerol), boiling, and then fractionated by SDS- 
PAGE on 6% polaciyamide gels, prior to electrophoretic transfer to nitrocellulose. 

To examine tte e7q)rBssion of human APP in the Es lines we performed 
Western blot analysis with a polyclonal antibody, BS, generated against human 
APP-695 residues 444 to 591 (Athena Neuroscience, South San Francisco, CA). 
In Figure 9, we document accumulation of human APP in ES line Py8.2 (lane 4), 
with little, if any expression in lines Py8.9 and Py8.29 (lanes 5 and 6). These 
results were confirmed by labelling cells with t"S] methionine and then 
immunoprecq)itating with the same antibody (data not shown). These results 
indicate that a huge APP YAC stably integrated into ES cell DNA generates 
accurately initiated and correctly spliced human APP transcripts and the 
concomitant egression of human APP. 
Examples. 

Transmission of AFP YACs into the Mouse Germllne 

Cells of ES lines Py8.2 and Py8.9 were htjected into blastocysts derived 
from C57B1/6J mice in order to generate chimeric mice. Five of the Py8.9 
chimeras (all male) and five of the Py8.2 chimeras (one female and four malesi 
have produced offspring with agouti coat color, indicating the successful 
transmission of ES cell DNA through the germline. 
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Ail mice were obtained from the Jackson Laboratory. Chimeric mice were 
generated by injection of embryonic stem cells into C57Biy6J blastocysts and 
transfer of the injected embryos into the uterus of pseudopiegnant female CD- 
irVAF mice (Bradley, 1987). ES cells (n= 12-15) were injected into each embryo 
and 10-20 injected embryos were transferred to each pseudopregnant female. For 
ES line Py8.9. a total of 107 embryos were transferred to several pseudopr^nant 
females and 26 pups were bom (24.3%), including nine male chimeras (34.6%). 
These chimeras were mated to CS7B1/6J mice, and transmission of the ES cell 
component judged by the presence of agouti coat color. Five Py8.9 chimeras (all 
male) have produced agouti offq)ring. For ES line Py8.2, a total of 110 embryos 
were tiansferred to six pseodopr^nant females and 69 pups were bom (62.7%), 
including seven male and five female chimeras (15.9%). Five (one female and 
four males) Py8.2, chimeras have produced agouti offi^prii^. 

A number of the agouti offspiing from Py8.9 chimeras woe examined for 
the presence of YAC DNA and for «q>rBSsion of human APP. PGR analysis of 
tail DNA from the first eight agouti pups revealed diat three animals (Figure ID. 
lanes 12, 14, and 15) contained the human APP promoter (Figure IQB), exon 7 
(Figure lOQ, and exon 17 (Figure lOD). Only one of these three animals, 
however, contained the URA3 marker from the arm of the YAC (Figure lOA). 
These results suggest that there are two diffemit populations of DNA in these 
mice, consistent with the FISH (Figure 7B) demonstrating two different integration 
sites in line Py8.9. DNA positive agouti offspring fcom Py8.2 chimaas have also 
been identified (data not shown). Mice containing the human APP YAC appear 
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normal, with no striking phenotypic abnonnalities when compared to littennates, 
and are herein referred to as APP YAC transgenic mice. 
Example 6. 

Expression of human AFP in APP YAC Transgenic ftfice 

The expression of human APP was examined in one APP YAC transgenic 
mouse derived from a Py8.9 chimera. To assess the level of human APP mRNA, 
we designed a quantitative RT-PCR assay using degenerate primers corresponding 
to highly conserved, identically positionod sequences that span the first six exons 
of human or mouse APP cDNA that allows for difiemtiation between endograous 
mouse and human APP mRNA. Thus, PCR amplification gives rise to a 568 bp 
product representing both mouse and human APP mRNA. Subsequmt digestion 
of the PCR products with SphI leads to the cleavage of the mouse product 
uniquely, giving rise to 52 and S16 bp fragments (Figure llA). Thus, the 
presence of a 568 bp fragment specifically identifies the human transgene-speciftc 
produa (Figure 1 IB). Because the sense primer is end labeled, both the 516 
and 568 bp products can be visualized by autoradiography. Hie RT-PCR assay 
for brain, heart, kidney, and testes RNA from. an APP YAC transgenic mouse 
(C9.24; Figure UA, B) demonstrates the coesqiression of human and mouse APP 
mRNA in tissues as compared to RNA expressed in an age-matched control 
(C9.20; Figure 11 A, B). Labeled products were excised from drud gels, and 
radioactivity was determined by scintillation counting. The relative levels of 
human to mouse products in brain, heart, kidney, and testes in animal C9.24 
(Figure 1 IB) are 0.8, 1.3, 0.4, and 0.9 respectively. Notably, relative RNA levels 
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in brains among three independent transgenic animals derived from Py8.9 chimeras 

are indistinguishable (Figure IIC). 

Reverse Transcription PCR (RT-PCR) Analysis 

RNA was isolated from mouse brain, heart, kidney, and testes by 
homogenization of tissue in quinidine thiocyanate and centrifiigation through a 
CsCl cushion. Each RNA prqpaxation (1 ^g) was reverse transcribed in the 
presence of SO pmol random hexamer primers (pdf^6; Phannada, Piscataway, 
New Jersey) and Reverse Transcriptase™ (Bethesda Research Laboratories, 
Bethesda, Maryland). For analysis of relative levels of total human AFP 
transcripts to mouse APP transcripts in each RNA prq>aration, 1/25 of the reverse 
transcription reaction was incubated in a PCR with 50 pmol of each prima, 
Hu/Mo APP (S) and Hu/Mo APP (AS), for 20 cycles at an annealing temperature 
of 60'C. 

The sequence of Hu/Mo APP (S) and Hu/Mo APP (AS) are 5'- 
GTCRCGATGCTGCCRGYTTQG-3', and 5'. 
TSGGCARCAYACAAACYCYACC-3* respectively, where R«A+G, Y=C+T, 
andS-G+C Hu/Mo APP (S) encodes amino adds 1-6 of APP. TheRT-PCR 
product of 568 bp ^s the first six exons of APP. 

Included in the reaction was pmol Hu/Mo APP (S), 5* end labeled with 
7["P] ATP and T4 polynucleotide kinase. PCR products were purified and then 
digested with SphI, which digests the mouse APP product uniquely. Resulting 
products were fractioned on 2% agarose gek, stained with ethidium bromide, 
photographed, and then dried and e3qx)sed to Kodak X-Omat film. 
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For analysis of the relative levels of human and mouse APP txanscripts 
encoding KPI-f and KPI- APP isoforms, 1/25 of the reverse transcription reaction 
was incubated in a PGR with 50 pmol of each primer, Hu/Mo KPI (S) and Hu/Mo 
KPI (AS), for 20 cycles at an annealing temperature of dO^'C. The sequence of 
Hu/Mo KH (S) and Hu/Mo KH (AS) is S'-GACARYGTGGATTCTGCKGATGC- 
3* and 5*-GGATAA(XGCCTTXnTRTCAGC-3' respectively, where R=A+G, 
Y-C+T, and K=G+T. Hu/Mo KPI (AS) is complementary to sequences that 
encode amino acids 351 to 358 of APP. Included in the reaction mixture was 1 
pmol of l^?] end-labeled Hu/Mo KPI (S). PGR products were purified and then 
digested with SphI, which digests the mouse APP products uniquely. Resulting 
products were fractionated on 2% agarose gels, stained with ^hidium bromide, 
photographed, and then dried and exposed to Kodak X-Qmat film. 

Hie expression of alternatively spliced APP mRNA in the APP VAC 
transgenic mouse C9.24 and the age-matched control mouse C9.20 was also 
examined by quantitative RT-PCR. RT-PCR was performed with denerate primers 
corresponding to highly conserved, identically positioned sequences in human and 
mouse APP cDNA that flank the KFI-encoding exms and included trace amounts 
of p^] labeled sense primer. Thus, PGR amplification gives rise to labeled 
products 490, 658, and 715 bp representing APP-69S, 751, and -770 transcripts 
respectively. Digestion of the PGR products with SphI ^pedfically cleaves mouse 
APP products and generates labeled products of 360, 528, and 585 bp (Figure 
12A), leaving the human products uncut. Figure 12B depicts fxagmrats resulting 
from SphI digestion of RT-PCR products generated from transgenic mouse C9.24 
and control mouse C9.20 tissues. It is s^arent that the relative levels of products 
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representing alternatively spliced human APP transcripts in the transgenic animal 
parallels that observed for the mouse APP transcripts in the age-matched control. 
For example, the relative ratio of mouse APP-695, -751, and -770 transcripts in 
C9.20 brain (Figure 12B, lane 1, arrowhead) is essentially comparable to the ratio 
of human APP-695, -751, -770 transcripts in C9.24 brain (Figure 12B, lane 5, 
asterisk). Additionally, we have recently obtained an APP YAC transgenic mouse 
from a Py8.2 chimera that coexpiesses human and mouse APP mRNA. In 
summary, APP YAC transgenic mice esq^ress the different human APP transcripts 
in levels and in tissues comparable to the endogenous mouse AFP transcripts. 

The expression of hunum APP in tissues of APP YAC transgenic mice 
derived ftom Py8.9 chimeras was examined by Western blotting utilizing antibody 
BS, raised against human APP (Figure 13A). Substantial levels of human APP 
expression was obs^ed in the brain, heart, kidney, and testes of APP YAC 
transgenic mouse C9.24 (lanes 6*9), as compared to the age-matched control. 
C9.20 (lanes 2-5). Notably, BS zpgem to be highly specific for human APP, as 
virtually no signal was obtained in tissues of the control animal. To assess 
whether levels of total APP in transgenic tissue was elevated over control mouse 
tissues, we rq)robed the above samples with the polyclonal antibody CTIS, raised 
against the common terminal IS residues of mouse/human APP (Figure 13B). 
Although APP levels zppedx to be somewhat devated in brain extracts of the 
transgenic mouse, this pattern may reflect disparate loading, because reprobing the 
blot with the iS-tubulin-specific monoclonal antibody DM13 showed slightly higher 
^-tubulin immunoreactivity in the C9.24 brain as compared to the C9.20 control 
brain (data not shown). Preliminary immunocytochemical studies with the human 
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APP-specific antibody B5 in a six-week transgenic mouse brain have documented 
strong staining in neurons, consistent with other in situ and immunocytochemical 
snidies (data not shown). However, as expected, we have not detected any 
evidence for pathological or cellular alterations in these young animals. 
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CLAIMS 

1 . A method for producing a transgenic animal containing a contiguous 
foreign DNA segment of at least about 70,000 base pairs (70 kb), comprising: 

(a) integrating a selectable resistance cassette into a yeast 
artificial chromosome containing said contiguous foreign DNA segment, said 
selectable resistance cassette containing a first selectable maricer which is e3q)iessed 
in yeast and a second selectable maiker which is expressed in mammflTtan cells; 

(b) puriiying said yeast artificial chromosome containing said 
contiguous foreign DNA segment and said selectable resistance cassette from other 
yeast DNA sequences; 

(c) introdudng said yeast aitificial chromosome containing said 
contiguous foreign DNA segment and said selectable resistance cassette into 
embryonic stem cells; 

(d) selecting a clone of mbryonic stem cdls containing said 
contiguous foreign DNA segment; 

(e) injecting embryonic stem cdls of said clone into blastocysts 
of the same species; and 

(f) generating transgeiiic animals from said injected blastocysts. 

2. The method of claim 1 wherrin the transgenic animal is a mouse. 

3. The method of daim 1, wherein the contiguous foreign DNA 
segment is a contiguous segment of foreign genomic DNA of at least about 
100 kb. 

4. A method of producing an embryonic stem cell containing a 
contiguous foreign DNA segment of at least about 70 kb, comprising 
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(a) integrating a selectable resistance cassette into a yeast 
artificial chromosome containing said contiguous foreign DNA segment, said 
selectable resistance cassette containing a first selectable marker which is expressed 
in yeast and a second selectable marker which is ^pressed in mamm aiifln cells; 

(b) purifying said yeast artificial chromosome containing said 
contiguous foTNgn DNA segmrat and said selectable resistance cassette from other 
yeast DNA sequences; 

(c) introducing said yeast artificial chromosome contaimng said 
contiguous foreign DNA s^ent and said selectable resistance cassette into 
embryonic stem cells; 

(d) selecting a clone of embryonic stem cells containing said 
contiguous foreign DNA segment. 

5. The method of claim 4, wherein the contiguous foreign DNA 
segment is a contiguous segment of foreign gnomic DNA of at least about 
100 kb. 

6. A transgenic mouse containing at least about 400 kb of human 
genomic DNA, said DNA compxismg the amyloid precursor protein (APP) 
promoter and 18 exons and the intervening sequences of the AFP sequence. 

7. The transgenic mouse of claim 6» wherein human APP is repressed. 

8. The tnmsgenic mouse of claim 7, wherein the APP sequence 
racodes APP-770 having in position 717 an amino acid residue sdected from the 
group consisting of isoleudne, phenylalanine and glycine. 
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9. The transgenic mouse of claim 7, wheiein ihe APP sequence 
encodes APP-770 having in positions 670 and 671 the amino acid residues 
asparagine and leucine, respectively. 

10. The transgenic mouse of claim 6, containing a DNA sequence 
corresponding to the sequence of a yeast artificial chromosome selected from the 
group consisting of APP-2, APP-5, APP-7 and APP-8. 

1 1 . The transgenic mouse of claim 7 wherein the APP sequence encodes 
APP-770 having glycine in position 692. 

12 The transgenic mouse of claim 7 wherein the APP sequence encodes 
APP-770 having glutamine in position 693. 
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